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TITLE OF THE INVENTION 

Optical Disc Recording and/or Reproducing Apparatus and Aberration Adjustment 
Method ^ 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to a method and an apparatus for recording and/or 
reproducing information signals for a plurality of sorts of optical discs having 
reciprocally different values of track pitch of the recording tracks and hence 
differential recording densities. This invention also relates to a method for adjusting 

hail 

J:;::; the aberration of the present optical disc recording and/or reproducing method and 

m 

rli apparatus, 

:S Description of Related Art 

In an optical disc used up to now as a recording medium for information signals, 
j Jij attempts have been made for raising the recording density • For example, in the case 
1 3 of a magneto-optical disc having a diameter of approximately 65 mm, proposals have 
been made for reducing the track pitch of the recording track carrying the information 
signals from 1,6 |uim to 0.95 jxm to increase the recording density by a factor of 
approximately five. 

For recording information signals on the magneto-optical disc, having the 
reduced track pitch as described above, and for reproducing the recording information 
signals, the spot diameter of the light beam scanning the recording track formed on the 
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magneto-optical disc needs to be of a smaller value. The reason is that, if the spot 
diameter of the light beam becomes larger than the track pitch of the recording track, 
the recording track cannot be tracked correctly, with the result that information signals 
cannot be recorded or reproduced on or from a desired recording track. 

Thus, proposals have also been made for using an optical pickup device 
provided with a light source designed for radiating a light beam of a shorter 
wavelength for reducing the spot size of the light beam illuminated on the magneto- 
optical disc. If the optical pickup device, radiating the light beam of the short 
wavelength, is used for recording and/or reproducing a magneto-optical disc, the 
desired recording track cannot be tracked correctly, because the spot diameter of the 
light beam is markedly smaller than the recording track width, with the result that the 
information signals cannot be recorded or reproduced correctly* 

For differentiating the track pitch values of the recording tracks from one 
another for ultimately enabling recording and/or reproduction of plural sorts of the 
magneto-optical discs with different recording densities by a common optical disc 
recording and/or reproducing apparatus, there has also been proposed an optical disc 
recording and/or reproducing apparatus including an optical pickup device having a 
plural number of light sources each radiating a light beam of a shorter wavelength and 
a light beam of a longer wavelength. 

This optical disc recording and/or reproducing apparatus is designed to switch 
between the plural light sources to radiate light beams of different wavelengths to 



adapt itself to a plural number of sorts of the magneto-optical discs having reciprocally 
different values of the track pitch of the recording tracks. 

With the magneto-optical disc having the track pitch of 1.6 jim, double 
refraction is more significant than with a magneto-optical disc having a track pitch of 
0.95 \im, and hence astigmatic aberration is produced in an optical system when the 
light beam is transmitted along an optical path in the magneto-optical disc. So, in the 
optical disc recording and/or reproducing apparatus, dedicated to a magneto-optical 
disc having a track pitch of 1.6 \im, the value of this astigmatic aberration is 
supervised with respect to the entire optical system. On the other hand, with the 
magneto-optical disc having the track pitch of 0.95 jAm, the double refraction is lesser 
than with the magneto-optical disc having a track pitch of 1.6 jxm, such that the 
astigmatic aberration is suppressed in the optical system 
[Problems to be Solved by the Invention] 

With the above-described optical pickup device, having a plural number of the 
light sources, the device itself is increased in size to render it difficult to use the device 
in an optical disc recording and/or reproducing apparatus required to be reduced in 
size. 

With the semiconductor laser, radiating a light beam of a shorter wavelength, 
such as approximately 650 nm, power consumption is larger than with the 
semiconductor laser radiating a light beam of a longer wavelength, such as 
approximately 780 nm. The optical pickup device, employing a semiconductor laser 



with a larger power consumption, is not suited to a battery-powered portable optical 
disc recording and/or reproducing apparatus. Additionally, with the semiconductor 
laser with large power consumption, the temperature coefficient is larger and 
undergoes significant self-heating, so that, when the semiconductor laser is mounted 
on an optical pickup device, measures against heat radiation need to be taken to cause 
stabilized oscillations of the light beam when the semiconductor laser is mounted on 
the optical pickup device, with the result that it becomes difficult to reduce the size 
and the thickness of the optical pickup device. 

Moreover, the semiconductor laser radiating a light beam of a shorter 
wavelength is more expensive than the semiconductor laser adapted for oscillating the 
light beam with a wavelength of 780 nm, which has so far been used extensively, with 
the result that, if this semiconductor laser is used, it is not possible to reduce the cost 
of the optical pickup device and hence that of the recording and/or reproducing 
apparatus. 

If, with the use of the optical disc recording and/or reproducing apparatus, 
dedicated to a magneto-optical disc having a track pitch of 0*95 \im, information 
signals are recorded or reproduced on or from a magneto-optical disc having a track 
pitch of 1.6 |bim, there is raised a problem that astigmatic aberration is liable to be 
produced in the recording and/or reproducing optical system. 

If, in a recording and/or reproducing apparatus dedicated to a magneto-optical 
disc having a track pitch of 0.95 f^m, information signals are to be recorded or 



reproduced on or from a magneto-optical disc having the track pitch of 1.6 \im, there 
is raised a problem that a difference is produced, under the effect of the 
aforementioned astigmatic aberration, between an optimum point of the focusing bias 
in detecting the ADER (address in progressive error rate), as an error rate of the ADIP 
(address in pregroove), and an optimum point of the focusing bias of the RF signals 
of the magneto-optical disc having the track pitch of 0.95 |Jim. 

It is specifically necessary to electrically offset the focusing bias, optimized for 
recording and/or reproduction of information signals for a magneto-optical disc having 
a track pitch of 1*6 |iim, with respect to the focusing bias of the optical disc recording 
and/or reproducing apparatus optimized for recording and/or reproducing information 
signals on or from a magneto-optical disc having a track pitch of 0.95 \im. 

However, the optimum offset undergoes variations, due to the astigmatic 
aberration present in the individual recording and/or reproducing optical systems, to 
render offset adjustment difficult. 

There are also occasions wherein, depending on changes in shape of the 
magneto-optical disc or to tilt of the magneto-optical disc, the light beam is not 
incident at right angles to the recording surface of the magneto-optical disc. In this 
case, there is raised a problem that the light beam incident on the recording surface of 
the magneto-optical disc is not reflected in a direction perpendicular to the recording 
surface of the disc, such that the reflected light beam suffers coma aberration to 
deteriorate the readout efficiency of the information signals. 



It is therefore an object of the present invention to provide a recording and/or 
reproducing apparatus in which the apparatus may be further reduced in size and 
thickness ^nd in which information signals can be recorded and/or reproduced on or 
from a magneto-optical disc having a track pitch of 0,95 \im and a magneto-optical 
disc having a track pitch of 1.6 fxm. It is another object of the present invention to 
provide a method for adjusting the aberration for such recording and/or reproducing 
apparatus 

SUMMARY OF THE INVENTION 

For accomplishing the above object, the optical disc recording and/or 
reproducing apparatus according to the present invention includes a light source for 
radiating a light beam having a wavelength approximately 780 nm, an objective lens 
having a numerical aperture NA of approximately 0.62 and adapted for converging the 
light beam radiated from the light source to illuminate the optical disc, aberration 
producing means for producing the aberration in the light beam illuminated on the 
optical disc and light receiving means for receiving the reflected light from the optical 
disc. Depending on the disc sort, as found by the disc discriminating means, the 
aberration producing means is driven to correct the aberration of different sorts 
produced in the light beam to record and/or reproduce the information signals for the 
optical disc. 

The optical disc recording and/or reproducing apparatus according to the 
present invention records or reproduces information signals for plural sorts of the 



optical discs, having different values of the track pitch, while correcting the astigmatic 
aberration and coma aberration produced in the optical system for optimizing 
recording and/or reproduction of information signals for plural sorts of the optical disc 
with different values of the track pitch. 

The aberration adjustment method according to the present invention is used 
for an optical disc recording and/or reproducing apparatus including a light source for 
radiating a light beam having a wavelength approximately 780nm, an objective lens 
having a numerical aperture NA of approximately 0.62 and adapted for converging the 
light beam radiated from the light source to illuminate resulting converged light on the 
optical disc, aberration producing means for producing the aberration in the light beam 
illuminated on the optical disc and light receiving means for receiving the reflected 
light from the optical disc. The aberration adjustment method includes a first 
aberration generation means adjustment step of loading one of the plural optical discs 
with different values of the track pitch of the recording track and hence different 
values of the recording density, which has the smaller value of the track pitch, on the 
apparatus, driving the aberration producing means, and correcting the coma aberration 
based on the information signals read out from the optical disc using light receiving 
means, and a second aberration generation means adjustment step of loading the 
optical disc with the larger value of the track pitch, driving the aberration producing 
means, and correcting the coma aberration based on the information signals read out 
from the optical disc using light receiving means. 



With the aberration adjustment method of the present invention, information 
signals are recorded or reproduced for plural sorts of the optical discs with different 
values of the track pitch, while the astigmatic aberration and coma aberration are 
corrected such as to provide for optimized recording and/or reproduction of 
information signals for plural sorts of the optical disc having different values of the 
track pitch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a block diagram showing a recording and/or reproducing apparatus to 
which the aberration adjustment method of the present invention is applied, 

Fig.2 is a schematic plan view showing a recording track of a first magneto- 
optical disc. 

Fig.3 is a schematic plan view showing a recording track of a second magneto- 
optical disc. 

Fig.4 is a schematic perspective view showing a liquid crystal device employed 
in the present invention. 

Fig.5 is a schematic plan view showing each electrode pattern provided on a 
liquid crystal device. 

Fig.6 is a graph showing changes in the phase difference between a polarized 
component, having the same direction as the direction of orientation of liquid crystal 
molecules, of a light beam transmitted through the liquid crystal device, and a 
polarized component, having a direction perpendicular thereto, of the same light beam, 

8 



with respect to the driving voltage applied to the liquid crystal device. 

Fig.7 is a graph showing changes in jitter of read-out RF signals with respect to 
the driving vohage applied to the liquid crystal device* 

Fig.8 is a graph showing changes in the error rate of RF signals with respect to 
a driving voltage applied across first and second electrode patterns and a common 
electrode pattern of the liquid crystal device. 

Fig.9 is a block diagram showing the structure of an aberration adjustment 
device employed in the present invention. 

Fig.lO is a graph showing changes in ADER with respect to the driving vohage 
applied across the first electrode patten and the common electrode pattern of the liquid 
crystal device. 

Fig. 11 is a flowchart showing the aberration adjustment method according to 
the present invention. 

Fig. 12 is a schematic plan view showing another embodiment of each electrode 
pattern provided in the liquid crystal device. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the drawings, preferred embodiments of the present invention will 
be explained in detail. It should be noted that the present invention is not limited to 
the embodiments now explained but may be suitably modified without departing from 
its scope. 

Fig.l shows an illustrative structure of an optical disc recording and/or 



reproducing apparatus embodying the present invention. 

The present optical disc recording and/or reproducing apparatus 1 includes an 
optical pickup device 3 having an optical system, not shown, for illuminating a light 
beam on a magneto-optical disc 2, as a recording medium, and for detecting the light 
beam reflected from the magneto-optical disc 2, a magnetic head 4 for applying an 
external magnetic field modulated depending on the information signals to be recorded 
on the magneto-optical disc 2, and a spindle motor 5 carrying the magneto-optical disc 
and adapted for operating as a rotating mechanism for rotational drivingthis magneto- 
optical disc. 

In the optical disc recording and/or reproducing apparatus 1, embodying the 
present invention, the magnetic head 4 is mounted facing the optical pickup device 3, 
with the magneto-optical disc 2 in-between, and is movable across the inner and outer 
rims of the magneto-optical disc 2 in synchronism with the movement of the optical 
pickup device 3, 

The optical pickup device 3, thus provided on the optical disc recording and/or 
reproducing apparatus 1, includes a semiconductor laser 11, as a light source for 
outputting a light beam illuminated on the signal recording surface of the magneto- 
optical disc 2. 

This semiconductor laser 11, radiating a light beam having a wavelength 
approximately equal to 780 nm, is widely used as a light source for an optical pickup 
device used for reading in the information from an optical disc having the track pitch 
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of the recording track of approximately 1.6 (xm. 

The optical pickup device 3 includes, on one side of the semiconductor laser 11, 
a grating 12 and a beam splitter 13 in this order looking from the semiconductor laser 
11. 

The grating 12 splits a light beam LI, radiated from the semiconductor laser 11, 
into a main light beam and two subsidiary light beams, for acquiring tracking error 
signals by a three-beam method. 

The beam splitter 13 separates the light beam illuminated on the magneto- 
optical disc 2 from the return light beam reflected from the magneto-optical disc 2. 
Meanwhile, a combination prism with a Wollaston prism is used herein as the beam 
splitter 13. 

The optical pickup device 3 includes a collimator lensl4 for coUimating the 
light beam radiated at a preset radiation angle from the semiconductor laser 11, and 
an objective lens 15 for converging the light beam coUimated by the lens 14 and for 
illuminating the coUimated light on a signal recording surface of the magneto-optical 
disc 2, in this order, when looking along a direction of transmission of the light beam 
from the semiconductor laser 11 from the beam splitter 13. 

The optical pickup device 3 also includes an analyzer 16 for converting the Kerr 
rotation angle of the return light beam into output light intensity, a multiple lens 17, 
and a photodetector 18, as light receiving means for receiving the light beam reflected 
back from the magneto-optical disc 2 and transmitted through the analyzer 16 and the 
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multiple lens 17, in this order, when looking along the direction of reflecting the 
return light beam of the beam splitter 13 reflected back from the magneto-optical disc 
2. 

Of these components, the photodetector 18 converts data recorded on the 
magneto-optical disc 2 into output electrical signals, depending on light volume 
variations ascribable to the difference in the angle of rotation of the plane of 
polarization of the received return light beam reflected back from the magneto-optical 
disc 2. 

Meanwhile, such objective lens having the numerical aperture NA equal to 
approximately 0.62 is used as the objective lens 15 adapted for converging the light 
beam on the magneto-optical disc 2. The light beam, with the wavelength of 780 nm, 
transmitted through the objective lens 15 for being converged on and illuminating the 
magneto-optical disc 2, forms a beam spot, with a spot diameter of approximately 1.53 
nm, at the focused position. That is, the light beam with the wavelength of 780 nm is 
converged by the objective lens 15, with the numerical aperture NA of approximately 
0.62, and is illuminated at the focused position of the objective lens 15 on the signal 
recording surface of the magnetic disc 2, so as to form a beam spot with a spot 
diameter of approximately 1.53 \im. 

It should be noted that, in the magneto-optical disc 2 with a diameter of 
approximately 64 mm, a recording track 21 of a first magneto-optical disc 2a, having 
a recording capacity of 140 MB, is formed with a track pitch Tpi of approximately 1.6 
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[Am, as shown in Fig.2. This recording track 21 includes a groove 21G, as a data 
recording area, and, on both sides of the groove 21G, wobbled lands 21L for 
producing track controlling and address detecting signals. 

In the magneto-optical disc 2 with a diameter of approximately 64 mm, a 
recording track 22 of a second magneto-optical disc 2b, having a recording capacity 
of 650 MB, is formed to have a track pitch Tp2 of approximately 0.95 \im, as shown 
in Fig.3. This recording track 22 includes a data recording area as a land 22L, a 
groove 22Gi, on one side of the land 22L, for delimiting the recording track 22, and 
a wobbled groove 22G2 for producing track controlling and address detecting signals, 
on the opposite side of the land 22L. 

It should be noted that, for optimally recording and/or reproducing information 
signals on or from a desired recording track of the magneto-optical disc 2, the light 
beam radiated from the optical pickup device 3 needs to correctly scan the recording 
track of the magneto-optical disc 2. In order for the light beam to correctly scan the 
recording track of the magneto-optical disc 2, at least tracking controlling signals need 
to be generated so that the light beam scanning position will be controlled based on 
this tracking controlling signal. That is, in order for the light beam to correctly scan 
the recording track by the trackmg controlling signals, the light beam needs to be 
illuminated on the entire width of the recording track to detect the wobbled lands 21L, 
22L or the grooves 22G, 22Gi and 22G2. 

With the optical disc recording and/or reproducing apparatus 1, information 
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signals are recorded on or reproduced from the first magneto-optical disc 2a having 
the track pitch of 1.6 jim and from the second magneto-optical disc 2b having the track 
pitch of 0:95 jjim, by a sole light beam radiated from the semiconductor laser 11 as a 
sole light source. 

So, with the optical disc recording and/or reproducing apparatus 1 according to 
the present invention, a liquid crystal device 31 as means for generating the aberration 
is arranged between a collimator lens 14 and an objective lens 15. This liquid crystal 
device 31 is used to adjust the astigmatic aberration and coma aberration to adjust the 
beam diameter to record and/or reproduce information signals on or from the first 
magneto-optical disc 2a having the track pitch of 1.6 fim and the second magneto- 
optical disc 2b having the track pitch of 0.95 ^im. 

Specifically, the liquid crystal device 31 a first electrode plate 33 and a second 
electrode plate 34 are arranged on both sides of a liquid crystal plate 32, including 
liquid crystal molecules sealed therein, as shown in Figs.4 and 5. 

Of these electrode plates, the first electrode plate 33 includes a pair of electrode 
patterns on both sides of a circular aperture 35, transmitting the light beam there 
through, as a reference. One of these electrode patterns is termed a first electrode 
pattern 36a, with the other being termed a second electrode pattern 36b, 

On the first electrode plate 33, a pair of electrode patterns are formed on the 
outer sides of the first electrode pattern 36a and the second electrode pattern 36b. The 
electrode pattern formed on the outer side of the first electrode pattern 36a is a third 
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electrode pattern 36c, while the electrode pattern formed on the outer side of the 
second electrode pattern 36b is termed a fourth electrode pattern 36d» 

Betwixt and around these first to fourth electrode patterns is formed an 
electrode pattern termed a fifth electrode pattern 37. 

On the second electrode plate 34 is formed a common electrode pattern 37 
facing these first to fifth electrode patterns 36a to 36e. 

Across the first to fifth electrode patterns 36a to 36e and the common electrode 
pattern 37 is applied a driving voUage of the same or different potential from a liquid 
crystal driving unit, not shown, connected to each electrode pattern. By the driving 
voltage being applied across the respective electrode patterns, the driving voltage is 
applied to the liquid crystal plate 32 to change the orientation of liquid crystal 
molecules in the liquid crystal plate 32. 

Thus, with the present optical disc recording and/or reproducing apparatus 1, 
the beam diameter of the light beam radiated from the semiconductor laser 11 may be 
adjusted by the liquid crystal device 31 to effect optimum recording and/or 
reproduction of information signals on or from the first magneto-optical disc 2a having 
the track pitch of 1.6 \im and the second magneto-optical disc 2b having the track pitch 
of 0.95 \im. 

In the liquid crystal device 31, the driving voltages Vlci? Vlc2, V^cs, Vlc4 and 
Vuc5, applied across the fifth electrode patterns 36a to 36e and the common electrode 
pattern 37, are applied across the respective electrode patterns, whereby the orientation 
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of the respective liquid crystal molecules is changed responsive to the respective 
driving voltages to Wucs* With the orientation of the liquid crystal molecules thus 
changed, phase difference is produced in the light beam traversing the liquid crystal 
device 31. This phase difference, which depends on the respective driving voltages 
Vlci to Vlc5, applied to the liquid crystal device 31, is produced between a polarized 
light component having the same direction as the orientation of the liquid crystal 
device 31 and a polarized light component having the direction perpendicular thereto, 
and assumes locally different values, for the respective electrode patterns, as a 
function of the different values of the first to fifth driving voltages Vjjd to V^cs. The 
liquid crystal device 31 synthesizes the aforementioned phase difference to the 
astigmatic aberration and the coma aberration, produced in the optical system, to 
adjust the respective driving voltages Vuci to Vlc5 so that the RMS (root mean square) 
value of the wave front aberration of the beam spot, as throttled by the objective lens 
15, will be of the least value. 

If, in the optical disc recording and/or reproducing apparatus 1, information 
signals are to be recorded on or reproduced from the first magneto-optical disc 2a, 
with the track pitch of 1.6 (xm, the driving voltages V^ci, ^ucs^ applied to the 

first, second and fifth electrode patterns 36a, 36b and 36e of the liquid crystal device 
31, respectively, are set at a certain equal potential, whilst the driving voltages V^cg 
and Vlc4? applied to the third and fourth electrode patterns 36c, 36d, are set to the 
same potential different from the potential of the driving voltages Vlci > ^uc2 ^ucs^ 
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thereby producing astigmatic aberration in the light beam to control the beam spot 
diameter to adjust the astigmatic aberration. 

If mformation signals are recorded or reproduced on or from the second 
magneto-optical disc 2b having the track pitch of 0.95 \Km, the respective drivmg 
voltages Vlci to Vucs, applied to the respective electrode patterns of the liquid crystal 
device 31, are adjusted so as not to produce astigmatic aberration in the light beam. 
The reason is that the second magneto-optical disc 2b, having the track pitch of 0.95 
\im, undergoes double refraction only to a minor extent and hence is subjected to only 
little astigmatic aberration. Specifically, the driving voltages V^ci, VLC4applied to the 
first and fourth electrode patterns 36a, 36d and the driving voltages Vjjcz, ^ucs applied 
to the second and third electrode patterns 36b, 36c are respectively shifted to the plus 
side and to the minus side of a reference voUage, which will be explained in detail 
subsequently, to adjust the coma aberration. 

Meanwhile, if the information signals are recorded on or reproduced from the 
second magneto-optical disc 2b having the track pitch of 0.95 ^m, the reference 
voltage is adjusted and set in advance so that the mean value of the driving voltages 
Vlci to V^cs, applied to the respective electrode patterns and the common electrode 
pattern 37, will be in the vicinity of 2/X of the phase difference between a polarizing 
component having the same direction as the orientation of the liquid crystal molecules 
of the light beam transmitted through the liquid crystal device 31 and a polarizmg 
component having the direction perpendicular thereto. 
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Fig,6 shows changes in the phase difference in case the respective driving 
voltages Vlci to V^cs to be applied to the respective electrode patterns of the liquid 
crystal device 31, applied to the respective electrode patterns of the liquid crystal 
device 31, are set at the same potential, which same potential is changed so that the 
aforementioned phase difference will be in the vicinity of A/2» Fig.7 shows changes 
in jitter of the read-out RF signals in case the respective driving voltages to be applied 
to the respective electrode patterns to Vj^s, applied to the respective electrode 
patterns of the liquid crystal device 31, are set at the same potential, which same 
potential is changed so that the aforementioned phase difference will be in the vicinity 
of A/2. 

It may be seen ftom Figs.6 and 7 that, in case the respective electrode patterns 
Vlci to Vlc5, applied to the respective electrode patterns, are adjusted so that the 
aforementioned phase difference will be close to A/2, the jitter of the RF signals is 
reduced most significantly in a manner most desirable in recording and/or reproducing 
information signals on or from the magneto-optical disc 2. This adjusted reference 
voltage is referred to below as the voltage V^c^^^f^. 

Jf the information signals are recorded or reproduced on or from the second 
magneto-optical disc 2b having the track pitch of 0.95 \im, there is no necessity for 
correcting the astigmatic aberration ascribable to double refraction. However, the 
average voltage of the Vlci to Vlc5, applied to the respective electrode patterns of the 
liquid crystal device 31 for correcting the coma aberration, is the voltage Vu:(ref) 
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adjusted so that the aforementioned phase difference will be close to Xl2. At this time, 
the driving voltages Vucv ^1X4 applied to the first and fourth electrode patterns 36a, 
36d and the driving voltages Vlc2? ^ucz applied to the second and third electrode 
patterns 36b, 36c are respectively shifted to the plus side and to the minus side of a 
reference voltage, which will be explained in detail subsequently, to adjust the coma 
aberration. 

The driving voltage V^cs, applied to the fifth electrode pattern 36e, is kept 
constant at the voltage VLc^j^f^, It should be noted that the driving voltages Vlci to Vuc4 
applied to the first to fourth electrode patterns 36a to 36d are shifted so that the 
average value of the Vlci ^lcs? applied to the respective electrode patterns, will 
remain at the voltage Wu:(ret)^ in such a manner that the jitter of the RF signals read out 
will be of the least value. 

The driving voltages Vi^i, Vlc4, and the driving voltages Vj^, Vlc3, adjusted 
as described above, are referred to below as the voltage VLC(coma+) and as the voltage 
VLC(coma-), lespectively. 

If information signals are recorded on or reproduced from the first magneto- 
optical disc 2a having the track pitch of 1.6 jjim, the driving voltages V^^, ^uzz and 
Vlc5> applied across the first, second and fifth electrode patterns 36a, 36b, 36e and the 
common electrode pattern 37 are the aforementioned voltage VLC(ref) which is to be the 
driving voltage different from the driving voltages Vlc3, Vuc^ applied across the third 
and fourth electrode patterns 36c, 36d and the common electrode pattern 37* That is, 
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the driving voltages Vlc3, Vlc4 applied across the third and fourth electrode patterns 
36c, 36d, applied across the third and fourth electrode patterns 36c, 36d, are adjusted 
so as to be a voltage optimized for correcting the astigmatic aberration of the optical 
system. 

Fig.8 shows changes in ADER if, in case information signals are to be recorded 
or reproduced on or from the first magneto-optical disc 2a having a track pitch of 1.6 
fim, the driving voltages Vucv ^uc2 ^uis^ applied across the first, second and fifth 
electrode patterns 36a, 36b, 36e and the common electrode pattern 37, are fixed at the 
aforementioned voltage V^^^^^^ with the driving voltages Vl^s? ^ajca applied to the 
third and fourth electrode patterns 36c, 36d of the liquid crystal device 31 being 
changed. 

The ADER is now explained only briefly. In Figs,2 and 3, the areas A to D 
represent split areas of the light beam received by the photodetector 18, with the 
photodetector 18 being split in register with these areas A to D. The photodetector 18 
calculates the level of the light beam received by its portions in register with the areas 
A to D. This level is ADER. That is, ADER may be found by performing the 
calculations so that, in case the disc is the first magneto-optical disc 2a, the light beam 
level will be (A+D)-(B+C), or so that, if the disc is the second magneto-optical disc 
2b, the light beam level will be (A+B+C+D), 

As may be seen from the graph of Fig.9, the driving voltages Vlcs ^u:a 
applied to the third and fourth electrode patterns 36c, 36d are adjusted so as to be 
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halfway in a area of the suppressed ADER. This adjusted voltage is VLC(AS). 

Thus, if information signals are to be recorded on or reproduced from the first 
magneto-optical disc 2a with the track pitch of 1.6 nm, the driving vohages V^s and 
Vlc4 applied to the third and fourth electrode patterns 36c, 36d will be the adjusted 
vohage Vlc(as)- 

The control of the various portions of the optical disc recordmg and/or 
reproducing apparatus 1 and the flow of various signals are now explained with 
reference to the block diagram of Fig.9. 

The optical disc recording and/or reproducing apparatus 1 includes a micro- 
computer 61 which is connected to a liquid crystal driving unit 62, drivingthe liquid 
crystal device 31, a focusing driving unit 63 and to a track driving unit 64. The liquid 
crystal driving unit 62, focusing driving unit 63 and the track driving unit 64 are 
connected to the optical pickup device 3 and controls the driving of the optical pickup 
device 3 under a control signal from the micro-computer 61. 

Based on the control signal from the micro-computer 61, the optical disc 
recording and/or reproducing apparatus 1 applies respective driving voltages L^ci to 
Vlc5 to the respective electrode patterns 36a to 36e of the liquid crystal device 31. At 
this time, the micro-computer 61 acts as disc discriminating means to decide the sort 
of the magneto-optical disc 2 to vary and adjust the respective driving voltages Vlci 
to Vlc5 to be applied to the respective electrode patterns, depending on the sort of the 
magneto-optical disc 2. 
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Based on the control signal from the micro-computer 61, the optical disc 
recording and/or reproducing apparatus 1 applies the focusing bias to the optical 
pickup device 3 to effect focusing servo. 

It should be noted that the focusing bias is adjusted to be at a mid portion of a 
voltage range for which RF signals read out from the optical pickup device 3 can be 
optimally reproduced, that is for which the enor rate is suppressed to a low value. This 
adjusted focusing bias is referred to below as focusing bias Vpg- 

The micro-computer 61 controls the track driving unit 64 so that the optical 
pickup device 3 will correctly scan the recording track. 

Referring to Fig.8, the micro-computer 61 is connected to a rotational driving 
unit 65. Based on the control signal from the micro-computer 61, the rotational 
driving unit 65 controls the spindle motor 5 which then runs the magneto-optical disc 
2 in rotation at a preset rpm. 

The optical pickup device 3 is connected to an RF amplifier 66, so that RF 
signals reproduced by the optical pickup device 3 are sent to the RF amplifier 66 where 
the RF signals are amplified. The RF amplifier 66 is connected to a DSP (digital signal 
processor) 67 and sends the RF signals to the DSP 67 where the RF signals are 
converted into digital signals. 

The DSP 67 is connected to the micro-computer 61 and to an ECC/ACIRC 
(Error Correction Code/Advanced Cross Interleaved Reed-Solomon Code) unit 68. 
From the DSP 67, the ADER, which is an error rate of ADIP, is sent to the micro- 
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computer 61, while EFM (Eight to Fourteen Modulation) signals are sent to the 
ECC/ACIRCunit 68. 

The ECC/ACIRC unit 68 is connected micro-computer 61 and performs 
decoding and error correction processing on the input EFM signals to send the 
resuhing error rate to the micro-computer 61. 

The micro-computer 61 is connected to a RAM (Random Access Memory) 69, 
as storage means, and adjusts the liquid crystal driving unit 62, focusing drivingunit 
63 and the track driving unit 64 from various error information sent from the DSP 67 
and the ECC/ACIRCunit 68 to store adjusted optimum values of the vohages VLq^o* 
Vu:(AS), Vlc(_3.), Vi^(_,_j and the focusing bias vpb in the RAM 69. Meanwhile, an 
EPROM (Erasable Programmable Read-Only Memory), for example, may be used as 
RAM 69. 

When the optical disc recording and/or reproducing apparatus 1 records or 
reproduces the information signals on or from the magneto-optical disc 2, the micro- 
computer 61 decides the type of the magneto-optical disc 2 by the micro-computer 61 
to read out the vohages Vi^^^^, Vu^as), "^ucic^^y ^uc(c^) and the focusmg bias V^b 
from the micro-computer 61, as parameters, depending on the so decided type. 

If specifically the disc is decided to be the first magneto-optical disc 2a having 
the track pitch of 1.6 ^m, the voltage Vlc^^o is read out as the driving voltages Vlci, 
Wjjcz and V^cs, whilst the voltage Vj^as) is read out as the driving vohages V^cs and 
Vlc4. If the disc is found by the micro-computer 61 to be the second magneto-optical 
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disc 2b having the track pitch of 0.95 ^m, the voUage Vlc(^„,+) is read out as the 
driving voltages Vlcj, Vlc4, the vohage VLC(coma-) is read out as the drivingvohages 
Vlc2. Vlc3 and the vohage Vlc(„q is read out as the driving vohage V^cs. As for the 
focusing bias, the focusing bias is read out for any of the two magneto-optical 
discs. 

The method for adjusting the aberration of the above-described optical disc 
recording and/or reproducing apparatus 1 is now explained with reference to Fig.ll. 

First, at step Sl,the second magneto-optical disc 2b, with the track pitch of 0.95 
[Am, is loaded on the optical disc recording and/or reproducing apparatus 1 . Under the 
control signal from the micro-computer 61, the rotational driving unit 65 controls the 
spindle motor 5 to run the second magneto-optical disc 2b in rotation. The micro- 
computer 61 decides the type of the second magneto-optical disc 2b. 

Next, at step S2, the control signal from the micro-computer 61 controls the 
focusing driving unit 63, from which the focusing bias is applied to the optical pickup 
device 3 to adjust the focal length of the objective lens 15 with respect to the second 
magneto-optical disc 2b to effect focusing servo based on the enor rate of the RF 
signals read out by the optical pickup device 3. Here, as the driving voltages Vlci to 
Vijcs, applied to the respective electrode patterns of the liquid crystal device 31, the 
vohage Vlc(;l/2). which is a voltage empirically obtained to give the aforementioned 
phase difference of X/2, is used. 

Next, at step S3, the micro-computer 61 verifies whether or not the focusing 
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bias is optimum, based on the error rate of the RF signal read out from the optical 
pickup 3. If the focusing bias is not optimum, the program reverts to step S2, If the 
focusing bias is optimum, the program moves to step S4. 

At step S4, the focusing bias, verified to be optimum by the micro-computer 61, 
is stored as the focusing bias in the RAM 69. 

Next, at step S5, the liquid crystal driving unit 62 is controlled by the control 
signal from the micro-computer 61. Based on the error rate of the RF signals, read 
out by the optical pickup device 3, the driving voltages Vlci ^ Vlc5, applied to the 
electrode patterns of the liquid crystal device 31, are adjusted so that the phase 
difference will be in the vicinity of X/2. 

Next, at step S6, the micro-computer 61 verifies whether or not the phase 
difference is equivalent to A/2, based on the error rate of the RF signals read out by 
the optical pickup device 3. If the phase difference is not equivalent to A/2, the 
program reverts to step S5. On the other hand, if the phase difference is equivalent to 
A/2, the program moves to step S7. 

If, at step S7, the micro-computer 61 has verified that the phase difference is 
equivalent to A/2, the driving voltages Vlci ^ucs^ applied across thee respective 
electrode patterns of the liquid crystal device 31, are stored in the RAM 69 as the 
vohage VLC(,,f^, 

Next, at step S8, the liquid crystal driving unit 62 is controlled by the control 
signal from the micro-computer 61. Based on the error rate of the RF signals, read 
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out by the optical pickup device 3, the driving voltages V^d and Vlc4, applied to the 
first and fourth electrode patterns 36a, 36d, respectively, and the driving voltages 
and Vlc3, applied to the second and third electrode patterns 36b, 36c, respectively, are 
shifted to the plus side and to the minus side, respectively, with the voltage VLq^q as 
reference, so that the average driving voUage of the respective electrode patterns of the 
liquid crystal device 31 will be Vlc^^^q, to adjust the shifting quantity. 

Then, at step S9, the micro-computer 61 verifies whether or not the 
aforementioned shifting quantity is optimum, based on the error rate of the RF signals 
read out by the optical pickup device 3. If the shifting quantity is not optimum, the 
program reverts to step S8. If the aforementioned shifting quantity is optimum, the 
program moves to step SIO. 

Then, at step SIO, if the shifting quantity is verified by the micaro-computer 61 
to be optimum, the driving vohages Vlci and applied to the first and fourth 
electrode patterns 36a, 36d, respectively, and the drivmg voltages Vlc2 and 
applied to the second and third electrode patterns 36b, 36c, respectively, are stored in 
the RAM 69 as the vohage 

^LC(coma+) the voltage VLC(coma-)> respectively. 

Next, at step Sll, the second magneto-optical disc 2b, having the track pitch of 
0.95 jjim, is dismounted, whilst the first magneto-optical disc 2a, having the track pitch 
of 1.6 \xm, is loaded in position. Under control fi-om the micro-computer 61, the 
rotational driving unit 65 controls the spindle motor 5 to run the first magneto-optical 
disc 2a in rotation. The micro-computer 61 verifies the type of the first magneto- 
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optical disc 2a. 

Then, under control by the micro-computer 61, the liquid crystal driving unit 
62 at step'S12 applies the voltage VLq^f> across the first, second and fifth electrode 
patterns 36a, 36b and 36e of the liquid crystal device 31 and the common electrode 
pattern 37, while applying driving voltages Vlc3, ^uca different from the voltage Wuxr^t) 
across the third and fourth electrode patterns 36c and 36d and the common electrode 
pattern 37. It should be noted that the voltage VLC(,ef) is applied and fixed as the 
driving voltages Vlci, Vlc2 and Y^cs across the first, second and fifth electrode 
patterns 36a, 36b and 36e of the liquid crystal device 31 and the common electrode 
pattern 37, whilst the driving voltages Y^^, Vlc4, applied across the third and fourth 
electrode patterns 36c and 36d and the common electrode pattern 37, are varied so that 
the ADER detected from the RF signals read out by the optical pickup device 3 will 
be optimum. 

At step S13, the ADER is detected from the RF signals read out by the optical 
pickup device 3, and the micaro-computer 61 determines whether or not this ADER is 
optimum. Ifthe ADER is not optimum, the program reverts to step S 12. If the ADER 
is optimum, the program moves to step S14. 

If the micro-computer 61 has verified at step S14 that the ADER is optimum, 
the driving voltages Vlc3, Vlc4, applied to the third and fourth electrode patterns 36c, 
36d of the liquid crystal device 31, are stored as the voltages Vlc(as) in the RAM 69. 

By the above procedure, the focusing bias VpB and the voltages yuc(,es), ^vciAsy 
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VLC(coma+) ^^'^ ^u:(aym»-) sto^cd 111 the RAM 69. When recording or reproducing 
information signals on or from the magneto-optical disc 2 of the optical disc recording 
and/or reproducing apparatus 1, the above voltages may be used for correcting the 
astigmatic aberration or coma aberration. 

Meanwhile, it is assumed that, in adjusting the aberration of the optical disc 
recording and/or reproducing apparatus 1, the voltage Vlc(A/2) is pre-stored in the RAM 
69. 

The adjustment of the driving vohages Vlci to Vlcs ^ applied to the 
respective electrode patterns of the liquid crystal device 31 is preferably completed 
before shipment of the optical disc recording and/or reproducing apparatus 1 as a 
product, whereby the adjustment of the recording and/or reproducing optical system 
of the individual optical disc recording and/or reproducing apparatus 1 may be 
facilitated. 

In the above-described embodiment, the first optical disc is loaded and adjusted 
after initially loading and adjusting the second magneto-optical disc. As an operating 
procedure, this process may be reversed, that is, the second optical disc may be loaded 
and adjusted after initially loading and adjusting the first magneto-optical disc. 

In this latter case, the same processing as that of steps SI to S7 is carried out 
for the first magneto-optical disc, such that the focusing bias Vps and the reference 
voltage VLC(ref) matched to the optical properties of the first magneto-optical disc are 
stored in the memory. 
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After storing the reference voltage VLC(,eo the memory, V^c^as) is adjusted and 
the second magneto-optical disc is substituted for the first magneto-optical disc. Based 
on the reference voltage Vucitet), the voltages 

^ljC(coma+) 

and Vijc(coma-) are adjusted and 

stored in the memory. 

Accordingto the present invention, as described above, information signals may 
be recorded on or reproduced from the magneto-optical discs 2, having reciprocally 
different values of the track pitch of the recording track and hence different values of 
the recording density, with the aid of the liquid crystal device 31. Moreover, 
astigmatic aberration and coma aberration can be corrected extremely readily in a 
recording and/or reproducing optical system for magneto-optical discs. In addition, 
in the optical disc recording and/or reproducing apparatus 1, since there is no necessity 
for the optical pickup device 3 to have a plural number of light sources, the device can 
be reduced in size, thickness and cost. 

In a modification of the liquid crystal device, astigmatic aberration may be 
corrected using a generalized electrode patters, as shown in Fig.l2. In this case, the 
astigmatic aberration may be corrected by applying different values of the driving 
vohage to two electrode patterns, namely a pair of crescent-shaped electrode patterns 
71 on both sides of an apertura 35 and an elliptically-shaped electrode pattern 72 
surrounded by the electrode patterns 71. However, in this case, correction means for 
correcting the coma aberration, such as liquid crystal devices, are needed. Thus, the 
liquid crystal device 31, capable of correcting the astigmatic aberration and the coma 
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aberration by the sole liquid crystal device, is more preferred 
simplifying the device structure and reducing the cost. 
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